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ABSTRACT

Objective: Vitamin D insufficiency is highly prevalent in people with psychotic disorders and 
might contribute to increased metabolic risk by promoting atherosclerosis and hyperten-
sion. Vitamin D insufficiency is also associated with increased negative symptom severity, 
which interferes with a healthy lifestyle and increases metabolic risk. We aim to investigate 
whether vitamin D levels can predict metabolic risk in people with psychotic disorders and 
if this association is mediated by negative symptom severity.

Methods: Data of 1843 people with a psychotic disorder from the ongoing Dutch PHAMOUS 
cohort were examined. With linear regression analyses and a Sobel test it was investiga-
ted if logarithmic serum 25(OH)D was associated with metabolic syndrome Z-scores and if 
this effect was mediated by the logarithmic PANSS Negative subscale. Differences in mean 
PANSS Negative subscale and metabolic syndrome Z-scores between seasons and between 
patients with and without vitamin D supplementation were examined.

Results: Overall, 62.7% (n=1154) of the patients had vitamin D insufficiency (serum 25(OH)
D < 50 nmol/l). Serum 25(OH) was significantly associated with metabolic risk (B=-0.095, 
95% CI=-0.182:-0.009, p=0.030) and negative symptom severity (B=-0.073, 95% CI=-0.114:-
0.032, p<0.001). The Sobel test identified negative symptom severity as mediator of the 
relation between vitamin D and metabolic risk (Z=-2.43, p=0.015), but not after correction 
for antipsychotic drug use and season of assessment (Z=-1.51, p=0.131). Metabolic risk and 
negative symptom severity did not follow the seasonal fluctuation of vitamin D. There were 
no significant associations between logarithmic serum 25(OH)D, metabolic syndrome Z-sco-
re and logarithmic PANSS Negative subscale in patients using supplementation. 

Discussion: Vitamin D insufficiency is highly prevalent among people with psychotic disor-
ders. Vitamin D was associated with metabolic risk, but this association was not mediated 
by negative symptom severity after correction for antipsychotic drug use and season of as-
sessment. 
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INTRODUCTION

Vitamin D is known to have a wide array of functi ons. It mediates calcium homeostasis and 
bone metabolism and aff ects several pathophysiological processes, such as those involved 
in infl ammati on, demyelinati on, cardiovascular disease and diabetes mellitus.161-163 Vitamin 
D is also important in brain functi on and development.38,164

People with psychoti c disorders have an increased metabolic risk and their life expectancy 
is reduced with 13-30 years.9,10,125 It is important to identi fy factors that contribute to this 
increased metabolic risk. Several studies have examined the associati on between vitamin D 
and metabolic risk in the general populati on. They found relati ons with obesity,165 cardio-
vascular diseases166-168 and diabetes.169 Low serum 25(OH)D was associated with increased 
body mass index (BMI),46 higher systolic and diastolic blood pressure (SBP and DBP, res-
pecti vely),42,47 decreased high-density lipoprotein-cholesterol (HDL-C),45 elevated triglyceri-
des,45 higher fasti ng glucose concentrati ons170 and increased occurrence of the metabolic 
syndrome.43,44 One review found cardiovascular mortality rates in the general populati on 
were higher during winter than in summer.36 Low vitamin D status might contribute to in-
creased risk of the metabolic syndrome, diabetes mellitus type 2, cardiovascular events and 
all-cause mortality by promoti ng atherosclerosis, hypertension, infl ammati on and acti vati on 
of the renin-angiotensin system.171-173

Vitamin D interacts with cholinergic, dopaminergic and noradrenergic neurotransmitt er 
systems, which have been implicated in psychoti c disorders.38 In general, people with psy-
choti c disorders are more likely to have vitamin D insuffi  ciency compared to the general 
populati on.39,40 Low vitamin D status is associated with an increased chance of experiencing 
psychoti c symptoms in the general populati on and with more severe psychoti c symptoms 
in pati ents.41,174,175 Vitamin D insuffi  ciency was most strongly associated with negati ve symp-
toms in all studies,41,176-178 except for one that found no associati on with symptom severity.179 

Low vitamin D was found to decrease dopamine signalling in the brain,38,180-182 which in its 
turn has been associated with more severe negati ve symptoms.183 This suggests that vitamin 
D insuffi  ciency could increase negati ve symptom severity. Negati ve symptoms have been 
shown to interfere with pati ents’ ability to be physically acti ve and make healthy lifestyle 
choices, which increases their metabolic risk.184 Negati ve symptom severity may therefore 
mediate the associati on between low vitamin D and increased metabolic risk.

Vitamin D may be obtained from food, notably fatt y fi sh or forti fi ed foods such as margarine, 
but is mostly produced in the skin by exposure to ultraviolet-B radiati on in sunlight.66,185 La-
ti tude, season, ti me of day, age, skin colour, clothing and air polluti on are among the deter-
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minants of vitamin D3 synthesis in skin.37 Vitamin D shows a natural fluctuation throughout 
the year, with vitamin D insufficiency more likely to occur during winter than in summer.186 

A recent study suggests seasonality may also affect clinical symptoms of schizophrenia, but 
this needs to be further elucidated.187

Aims
In this study we aim to investigate 
whether vitamin D levels are associated 
with metabolic risk in people with psy-
chotic disorders and whether this effect was 
mediated by negative symptoms (Figure 1). 
We also examine if metabolic risk and nega-
tive symptom severity follow the same sea-
sonal fluctuation as vitamin D, because this 
could indicate a causal influence of vitamin 
D. Based on the hypothesis that vitamin D 
has a causal influence on metabolic risk and 
negative symptoms, we expect metabolic 
risk and negative symptoms to be less seve-
re in patients using vitamin D supplementation than in patients without supplementation. 
Moreover, we will examine whether vitamin D levels remain associated with metabolic risk 
and negative symptoms in patients using vitamin D supplementation.

MATERIAL AND METHODS

Study design
All patients participate in the Pharmacotherapy Monitoring and Outcome Survey (PHA-
MOUS), an ongoing Dutch survey in four mental health institutions in the northern Nether-
lands.188 Data collected between 2012 and 2014 were used. Mental and physical health of 
people with a psychotic disorder is yearly assessed for health evaluation purposes. Assess-
ments are part of regular clinical practice in the participating organisations. PHAMOUS pro-
cedures are fully explained to participants, after which they are free to opt-out for the use 
of their anonymised data in the research database. The procedures are in accordance with 
the Declaration of Helsinki and local and international ethical standards, as confirmed by 
the ethical committee of the University Medical Center of Groningen, the Netherlands. The 
comprehensive assessments include several interviews, measurements and (self-report) 
questionnaires. 

Vitamin D

Negative
symptoms

Metabolic
risk factors

      Figure 1: Vitamin D predicts metabolic risk, 
      mediated by negative symptoms 
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Inclusion criteria for the current study were: i) available laboratory test data of serum 25-hy-
droxyvitamin D (25(OH)D; ii) diagnosis of a psychoti c disorder (i.e. schizophrenia, schizoaf-
fecti ve disorder, schizophreniform disorder, delusional disorder, substance induced psycho-
sis or psychosis NOS), iii) available outcome data of at least one of the metabolic syndrome 
components (i.e. waist circumference, blood pressure, high-density lipoprotein cholesterol 
[HLD-C], triglycerides and fasti ng glucose).

Measurements
Demographic and diagnosti c informati on was collected in an interview. Pati ents’ use of an-
ti psychoti c medicati on (type and dosage) and use of other medicati on (anti hypertensive, 
lipid-lowering or anti diabeti c) was also registered and/or collected from pati ents’ medical 
records. Anti psychoti c medicati on was ordinally classifi ed as high metabolic side eff ects 
(olanzapine and clozapine), medium metabolic side eff ects (risperidone, queti apine, chlor-
prothixene, paliperidone, pipamperone and levemopromazine) and low metabolic side 
eff ects (aripiprazole, haloperidol, bromperidol, fl upenti xol, pimozide, sulpiride, zuclopent-
hixol).99 Pati ents without a prescripti on for anti psychoti c drugs were classifi ed as having no 
risk of metabolic side eff ects. Dosage of anti psychoti c medicati on was reported in chlorpro-
mazine equivalents.

The Positi ve And Negati ve Syndrome Scale (PANSS) was used to assess the severity of psy-
choti c symptoms.132 It consists of a Positi ve Symptom Scale (e.g. delusions, conceptual disor-
ganizati on and hallucinati ons), Negati ve Symptom Scale (e.g. blunted aff ect and apatheti c 
social withdrawal) and General Psychopathology Scale (e.g. mannerisms and posturing, and 
unusual thought content). Each of the 30 items was scored on a 7-point Likert-scale: a score 
of 1 means the symptom is absent, whereas scores 2-7 indicate increasing symptom seve-
rity, with a score of 7 indicati ng extreme severity. The PANSS Negati ve subscale was used in 
the analyses.

Waist circumference (in cm) was measured between the lower rib and the upper edge of the 
hipbone, using a fl exible measuring tape. Pati ents kept their feet fl at on the ground, approxi-
mately 30 cm apart. The tape was read at the end of a regular exhalati on. Seated systolic 
and diastolic blood pressure (mmHg) were measured twice with an interval of minimally 
fi ft een seconds using a manometer. The mean of the two measurements was reported. 

A fasti ng blood sample was collected to determine HDL-C (mmol/l), triglycerides (mmol/l), 
fasti ng glucose (mmol/l), glycated haemoglobin (HbA1c in %) and serum 25(OH)D (nmol/l), 
which is the widely accepted biomarker of vitamin D status.66,189 Parti cipants were asked 
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to refrain from caloric intake for eight hours before their blood sample was collected. The 
specific laboratory and method used to process the blood sample were reported in 29.5% 
(n=542) of the patients: laboratories used either the liquid chromatography–mass spectro-
metry technique (LC-MS) or the Roche Diagnostic method to determine serum 25(OH)D. 
When serum 25(OH)D was reported as <10, the outcome was set at 9.9 for analysing pur-
poses. Serum 25(OH)D < 50 nmol/l was defined as vitamin D insufficiency. By evaluating the 
mean, median and range of serum 25(OH)D and an Independent Sample T-test, we investi-
gated whether there were systematic differences between the LC-MS and Roche Diagnostic 
methods, to check whether this may have influenced our findings.

The metabolic syndrome was defined as the presence of three or more of the following 
NCEP-ATP-III criteria:117 waist circumference ≥ 88/102 cm (female/male); blood pressure 
≥ 130/85 mmHg or receiving antihypertensive drug treatment; HDL-C < 1.30/1.03 mmol/l 
(female/male) or receiving lipid-lowering drugs; triglycerides ≥ 1.7 mmol/l or receiving li-
pid-lowering drugs; and fasting glucose ≥ 6.1 mmol/l or receiving antihyperglycemic drug 
treatment in accordance with WHO guidelines134,135 or  when they reported to have diabetes 
mellitus (11.4%, n=209). When glucose levels were not reported (2.0%, n=36) or non-fasting 
(16.4%, n=302), patients were also considered to fulfil the glucose risk criterion when HbA1c 

> 6.5% (reported in 78.4%, n=265 of the patients without fasting glucose). The individual 
components were standardised and combined to create a continuous variable for the me-
tabolic syndrome as marker for metabolic risk. Blood pressure was standardised using the 
mean arterial pressure (MAP). The means and standard deviations of the patients ranging 
within healthy reference values were used to standardise HDL-C (1.1-2.0 mmol/l in female 
and 0.9-1.7 mmol/l in male patients), triglycerides (≤ 2.2 mmol/l) and fasting glucose (≤ 
7.1 mmol/l) or HbA1c (< 8.0%), creating Z-scores for the five components of the metabolic 
syndrome.190 A clustered metabolic syndrome Z-score was created by dividing the sum of all 
Z-scores components by five.

Data analysis
Values of serum 25(OH)D and the PANSS Negative subscale had a non-normal distribution 
and were log transformed to approach normality. Independent Sample T-tests and Chi2 tests 
were used to examine baseline differences in demographics, medication use, metabolic syn-
drome Z-scores and psychotic symptom severity between patients with and without vitamin 
D insufficiency to demonstrate the increased risk presented by insufficient vitamin D levels.

Individual associations between logarithmic serum 25(OH)D (independent), logarithmic 
PANSS Negative subscale (mediator) and metabolic syndrome Z score (dependent) were 
examined using linear regression analysis. In the mediation model both logarithmic serum 
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25(OH)D and logarithmic PANSS Negati ve subscale were included as predictors of metabolic 
syndrome Z score. The Sobel test was used to investi gate the mediati ng eff ects of loga-
rithmic PANSS Negati ve subscale on the associati on between logarithmic serum 25(OH)D 
and metabolic syndrome Z-score.191 Next, the individual associati ons and mediati on model 
were corrected for the confounding infl uence of age, gender, anti psychoti c medicati on and 
season of assessment. 

To examine whether metabolic risk and negati ve symptom severity follow the same seaso-
nal trend as vitamin D, diff erences in mean serum 25(OH)D, PANSS Negati ve subscale, me-
tabolic syndrome Z-score and the individual components of the metabolic syndrome (waist 
circumference, MAP, HDL-C, triglycerides and fasti ng glucose) were examined using One-
Way ANOVA with contrast analyses between each season. We used a Bonferroni correcti on 
for multi ple testi ng.

Independent Sample T-tests were used to examine diff erences in mean serum 25(OH)D, 
metabolic syndrome Z-score and PANSS Negati ve subscale between pati ents with (15.4%, 
n=284) and without (84.6%, n=1556) vitamin D supplementati on. Linear regression analyses 
with logarithmic serum 25(OH)D, the metabolic syndrome Z-score and logarithmic PANSS 
Negati ve subscale were performed separately for pati ents with and without using vitamin 
D supplementati on.

RESULTS

Infomati on on all fi ve metabolic syndrome components was present in 88.7% (n=1632) of 
the pati ents, 6.7% (n=124) had informati on on four risk factors, 4.2% (n=77) had informati -
on on three risk factors and in 0.4% (n=7) of the pati ents only one or two risk factors were 
known. Scores on the PANSS Negati ve subscale were present for 62.7% (n=1154) of the 
pati ents. Our sample showed a peak in vitamin D levels between July and September and a 
nadir between January and March. Seasons were therefore categorised as described by Ro-
secrans et al. (2014): winter (January through March), spring (April through June), summer 
(July through September) and fall (October through December) to best fi t the fl uctuati on in 
our data.186

Overall, 62.7% (n=1154) of the pati ents had vitamin D insuffi  ciency. Pati ents with vitamin 
D insuffi  ciency had higher scores on the metabolic syndrome Z-score and PANSS Negati ve 
subscale, were more likely to take anti hyperglycemic medicati on and be measured during 
winter or spring than in summer. Pati ents from African European descent are a special 
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Total sample 

(n=1840)

%(n) / M(SD)

Vit D insufficiency 

(n=1154)

%(n) / M(SD)

Vit D sufficient 

(n=686)

%(n) / M(SD)

χ2 / t p

Age 45.0 (11.8) 44.7 (11.9) 45.4 (n=11.8) -1.34 0.180

Gender(% male) 63.8 (n=1174) 67.2 (n=776) 58.0 (n=398) 15.86 <0.001**

Ethnicity (n=1840) (n=1154) (n=686) 24.26 <0.001**

Caucasian 88.0 (1620) 85.5 (n=987) 92.3 (n=633) 18.6 <0.001**

African European 4.1 (n=75) 5.4 (n=62) 1.9 (n=13) 13.31 <0.001**

Other 7.9 (n=145) 9.1 (n=105) 5.8 (n=40) 6.33 0.012*

Illness duration 17.7 (11.1) 17.6 (10.9) 17.8 (11.4) -0.47 0.640

Diagnosis (n=1840) (n=1154) (n=686) 22.55 <0.001**

Schizophrenia 66.2 (n=1218) 69.2 (n=799) 61.1 (n=419) 12.80 <0.001**

Schizoaffective disorder 14.9 (n=275) 12.8 (n=148) 18.5 (n=127) 10.95 0.001**

Schizophreniform disorder 2.1 (n=38) 2.2 (n=25) 1.9 (n=13) 0.16 0.692

Delusional disorder 2.0 (n=36) 1.4 (n=16) 2.9 (n=20) 5.24 0.022*

Substance induced psychosis 0.4 (n=7) 0.2 (n=2) 0.7 (n=5) 3.50 0.061

Psychosis NOS 14.5 (n=266) 14.2 (n=164) 14.9 (n=102) 0.15 0.698

Antipsychotic medication (n=1588) (n=1050) (n=634) 4.07 0.254

Not using antipsychotics 13.7 (n=252) 15.0 (n=158) 14.8 (n=94) 0 0.995

Low metabolic side-effects 21.6 (n=398) 22.3 (n=234) 25.9 (n=164) 3.34 0.067

Medium metabolic side-effects 18.1 (n=333) 19.4 (n=204) 20.3 (n=129) 0.37 0.544

High metabolic side-effects 38.1 (n=701) 43.2 (n=454) 39.0 (n=247) 2.03 0.154

Chlorpromazine equivalent (mg) 334.1 (493.7) 336.0 (506.6) 330.9 (471.4) 0.21 0.831

Antihypertensive medication 13.9 (n=255) 14.4 (n=164) 13.5 (n=91) 0.34 0.559

Lipid-lowering medication 13.3 (n=245) 14.6 (n=166) 11.7 (n=79) 3.13 0.077

Antidiabetic medication 9.7 (n=178) 11.6 (n=132) 6.8 (n=46) 11.13 0.001**

Serum 25 (OH)D 45.8 (27.4) 29.0 (11.1) 74.1 (23.1) -56.30 <0.001**

Clinical Chemical method (n=542) (n=310) (n=232) 2.09 0.149

LC-MS method 7.4 (n=136) 7.4 (n=85) 7.4 (n=51) 0 0.957

Roche Method 22.1 (n=406) 19.5 (n=225) 26.4 (n=181) 11.87 0.001**

Seasons (n=1836) (n=1153) (n=683) 202.61 <0.001**

Winter 28.0 (n=515) 36.0 (n=415) 14.6 (n=100) 97.62 <0.001**

Spring 23.9 (n=439) 27.2 (n=314) 18.3 (n=125) 19.13 <0.001**

Summer 24.0 (n=442) 14.7 (n=169) 40.0 (n=273) 149.12 <0.001**

Fall 23.9 (n=440) 22.1 (n=255) 27.1 (n=185) 5.61 0.018*

Tabel 1: Baseline differences in patients with and without vitamin D insufficiency
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Total sample 

(n=1840)

%(n) / M(SD)

Vit D insuffi  ciency 

(n=1154)

%(n) / M(SD)

Vit D suffi  cient 

(n=686)

%(n) / M(SD)

χ2 / t p

Z-score Metabolic syndrome 0.47 (1.00) 0.53 (1.04) 0.36 (0.93) 3.39 0.001**

Z-score waist circumference 0.00 (1.00) 0.08 (1.03) -0.14 (0.92) 4.59 <0.001**

Z-score MAP 0.00 (1.00) 0.04 (1.04) -0.07 (0.93) 2.17 0.030*

Z-score HDL-C 0.44 (2.40) 0.35 (2.41) 0.58 (2.38) -1.96 0.050

Z-score triglycerides 1.23 (2.82) 1.39 (2.83) 0.96 (2.78) 3.15 0.002**

Z-score fasti ng glucose 0.74 (2.44) 0.86 (2.55) 0.54 (2.22) 2.78 0.006**

 PANSS Total 51.9 (16.1) 52.2 (15.6) 51.4 (16.8) 0.74 0.460

Positve subscale 12.0 (4.8) 12.1 (4.8) 12.0 (4.7) 0.49 0.627

Negati ve subscale 14.3 (6.2) 14.7 (6.3) 13.6 (6.1) 2.93 0.003**

 General Psychopathology scale 25.9 (7.9) 25.8 (7.6) 26.1 (8.4) -0.57 0.569

risk group, with the majority having insuffi  cient vitamin D levels. An overview of baseline 
characteristi cs and diff erences between pati ents with and without vitamin D insuffi  ciency is 
presented in Table 1.

Serum 25(OH)D of pati ents measured with the LC-MS method (n=136) had a lower mean 
(43.8 vs. 50.7), median (39.5 vs. 45.0), range (128 [9.9-138] vs. 219 [8.0-227]) and smaller 
standard deviati on (25.9 vs. 30.4) than serum 25(OH)D of pati ents measured with the 
Roche method (n=406). However, only 5.1% of the pati ents in the LC-MS method group 
were assessed during summer, as opposed to 36.0% of the pati ents in the Roche method 
group. Aft er correcti ng for season, the adjusted mean serum 25(OH)D levels were not signi-
fi cantly diff erent between the two methods (LC-MS=51.1 vs. Roche=48.3, p=0.231). 

Associati ons serum 25(OH)D, negati ve symptoms and the metabolic syndrome
Logarithmic serum 25(OH)D was negati vely associated with the metabolic syndrome Z-sco-
re (B=-0.119, 95% C=-0.198:-0.039, p=0.003) and the logarithmic PANSS Negati ve subscale 
(B=-0.075, 95% CI=-0.114:-0.035, p<0.001). The logarithmic PANSS Negati ve subscale was 
positi vely associated with the metabolic syndrome Z-score (B=0.252, 95% CI=0.108:0.397, 
p=0.001). In the mediati on model, both logarithmic serum 25(OH)D (B=-0.101, 95% CI=-
0.200:-0.002, p=0.045) and the PANSS Negati ve subscale (B=0.236, 95%CI=0.091;0.381, 

*Signifi cant at 0.05 level. **Signifi cant at 0.01 level. M=mean. SD=standard deviati on. N=number of pati ents. 
NOS=not otherwise specifi ed. MAP=mean arterial pressure. HDL-C=high-density lipoprotein cholesterol. 
PANSS=Positi ve and Negati ve Syndrome Scale

Tabel 1: Baseline diff erences in pati ents with and without vitamin D insuffi  ciency - conti nued
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p=0.001) were significantly associated with the metabolic syndrome Z-score and the Sobel 
test showed a significant mediation effect (Z=-2.43, SE=0.007, p=0.015).

After correcting for age, gender, antipsychotic medication and season of assessment, log-
arithmic serum 25(OH)D remained significantly associated with the metabolic syndrome 
Z-score (B=-0.095, 95% CI=-0.182:-0.009, p=0.030, antipsychotics categorisation for meta-
bolic risk) and the PANSS Negative subscale (B=-0.073, 95% CI=-0.114:-0.032, p<0.001, an-
tipsychotics in chlorpromazine equivalents). The association between the PANSS Negative 
subscale and metabolic syndrome Z-score approached significance after correction for age, 
gender and type of antipsychotic medication (categorisation for metabolic risk) (B=0.141, 
95%CI=-0.003;0.285, p=0.054). In the mediation model, neither logarithmic serum 25(OH)
D (B=-0.087, 95% CI=-0.190:0.017, p=0.101) nor the PANSS Negative subscale (B=0.124, 
95%CI=-0.022;0.270, p=0.096) was significantly associated with the metabolic syndrome 
Z-score after correcting for age, gender, type of antipsychotic medication (categorisation 
for metabolic risk) and seasons. Furthermore, the Sobel test showed the mediating effect 
for the logarithmic PANSS Negative subscale was no longer significant (Z=-1.51, SE=0.006, 
p=0.131).

Seasonal differences
Serum 25(OH)D levels were significantly different in all seasons, ranking from lowest to hig-
hest during the winter, spring, fall and summer respectively (see Table 2). Vitamin D insuf-
ficiency was prevalent in 80.6% (n=415) of the patients measured during winter, in 71.5% 
(n=314) of the patients measured in spring, in 38.2% (n=169) of the patients measured du-
ring summer and in 58.0% (n=255) of the patients measured in fall. Negative symptoms 
were significantly more severe during winter than in spring (p=0.023) than in fall (p=0.002). 
There were no significant differences in metabolic syndrome Z-score between the seasons, 
but waist circumference was larger during winter than in summer (p=0.003) or fall (p=0.017) 
and HDL-C was higher in spring compared to summer (p=0.019) or fall (p=0.017). After Bon-
ferroni correction, the differences between negative symptom severity in winter and fall 
(p=0.012), waist circumference in winter and summer (p=0.017) and HDL-C in spring and 
summer (p=0.045) remained significant. An overview of mean serum 25(OH)D levels, PANSS 
Negative subscale scores and metabolic syndrome Z-scores in each season is provided in 
Table 2.

Vitamin D supplementation
Patients using vitamin D supplementation had significantly higher serum 25(OH)D levels 
(mean difference=22 nmol/l, t=11.60, p<0.001) than patients not using supplementation. 
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Tabel 2: Baseline diff erences in pati ents with and without vitamin D insuffi  ciency

Winter

M (SD)

Spring

M (SD)

Summer

M (SD)

Fall

M (SD)
 F  p

Serum 25(OH)D nmol/l 35.0 (22.8) 41.7 (23.6) 60.2 (28.9) 47.7 (27.6) 80.69 <0.001**

Serum 25(OH)D nmol/l
(with suppl.) 61.7 (33.9) 56.6 (32.2) 73.4 (26.8) 64.6 (33.1) 3.46 0.017*

PANSS Negati ve subscale 15.0 (6.3) 13.8 (5.9) 14.5 (6.8) 13.4 (6.0) 3.8 0.010*

Z-score metabolic syndrome 0.52 (1.0) 0.54 (1.1) 0.41 (0.95) 0.39 (0.94) 2.31 0.074

Waist circumference (cm) 103.7 (16.9) 102.5 (15.4) 100.6 (14.5) 101.2 (15.8) 3.57 0.014*

MAP 97.9 (13.3) 98.3 (12.9) 96.9 (12.2) 98.4 (12.8) 1.29 0.278

HDL-C (mmol/l) 1.31 (0.65) 1.38 (0.86) 1.26 (0.61) 1.26 (0.44) 2.99 0.030*

Triglycerides (mmol/l) 1.81 (1.23) 1.86 (1.17) 1.92 (1.42) 1.85 (1.35) 0.45 0.717

Fasti ng glucose (mmo/l) 6.09 (1.73) 6.02 (1.62) 5.91 (1.41) 5.89 (1.72) 1.35 0.256

Mean serum 25(OH)D levels of pati ents using supplementati on fl uctuated throughout the 
seasons (F=3.46, p=0.017) and were higher in summer than in spring (p=0.017), but they 
were never < 50 nmol/l (Table 2). There were no signifi cant diff erences in PANSS Negati ve 
subscale scores (mean diff erence=0.38, t=0.77, p=0.440) or metabolic syndrome Z-scores 
(mean diff erence=0.02, t=0.27, p=0.787) between pati ents with and without supplemen-
tati on. Logarithmic serum 25(OH)D was neither signifi cantly associated with the metabo-
lic syndrome Z-score (B=0.049, 95% CI=-0.162:0.259, p=0.648) nor the logarithmic PANSS 
Negati ve subscale (B=0.080, 95% CI=-0.016:0.177, p=0.101). There was no associati on be-
tween the logarithmic PANSS Negati ve subscale and the metabolic syndrome Z-score (B=-
0.155, 95%CI=-0.537;0.226, p=0.423) in pati ents using supplementati on. 

DISCUSSION

This study demonstrated that vitamin D was associated with metabolic risk in people with 
psychoti c disorders and that this eff ect was mediated by negati ve symptoms. However, the 
mediati ng eff ects of negati ve symptom severity disappeared aft er correcti ng for the use of 
anti psychoti c medicati on and season of assessment. As expected, serum 25(OH)D levels 
fl uctuated throughout the seasons and were highest in summer and lowest in winter. Inte-
resti ngly, negati ve symptom severity and metabolic risk did not show this seasonal fl uctuati -
on. Pati ents using vitamin D supplementati on had serum 25(OH)D levels above the insuffi  ci-
ency cut-off  in all seasons. However, their metabolic risk and negati ve symptom severity did 

*Signifi cant at 0.05 level. **Signifi cant at 0.01 level. M=mean. SD=standard deviati on. PANSS=positi ve and 
 negati ve syndrome scale. MAP=mean arterial pressure. HDL-C=high-density lipoprotein-cholesterol.
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not differ significantly from patients without supplementation. Moreover, in patients using 
supplementation, we found no associations between serum 25(OH)D levels, metabolic risk 
and negative symptom severity.

The prevalence of vitamin D insufficiency in this study (62.7%) is comparable with the pre-
valence 65.3% found in a large review of people with schizophrenia192 and much higher than 
in the general Dutch adult population (40%).193 Similarly, mean serum 25(OH)D levels of 46 
nmol/l in our study were lower than mean serum 25(OH)D levels of approximately 60 nmol/l 
in the general Dutch adult population.193 

Our finding that low vitamin D levels are associated with increased metabolic risk in people 
with psychotic disorders, is consistent with findings in the general population.42,45-47,170  This 
study also supports previous findings with regard to the inverse relation between vitamin 
D and negative symptoms.41,176-178 Symptoms such as anhedonia and depression were also 
previously found to be associated with vitamin D insufficiency.194 

Overall, metabolic risk factors did not show the same seasonal fluctuation as vitamin D. Of 
note, waist circumference did show more favourable outcomes in summer than in winter 
similar to vitamin D, with a smaller waist circumference during summer and larger waist 
circumference during winter. Such fluctuation might be explained by increased physical ac-
tivity and time spent outside on days with more sunshine and higher temperatures, which 
affect both vitamin D production and metabolic risk.195,196 However, other risk factors did not 
show a similar seasonal trend in our study. This could argue for a more complex relationship 
between vitamin D insufficiency and these clinical parameters. Indeed, a recent study found 
that increased levels of outdoor recreational activity lowered cardiovascular mortality, but 
this relation was not substantially influenced by vitamin D. Interestingly, negative symptoms 
did show a seasonal pattern, partially mimicking the fluctuation trend in vitamin D levels, 
but the differential severity over seasons was too small to be considered clinically relevant.

After correcting for the influence of seasons and antipsychotic medication, vitamin D and 
negative symptoms were no longer significantly associated with metabolic risk in the me-
diation model. Moreover, the mediation analysis was no longer significant. This suggests 
that other factors, such as antipsychotic medication, may have a stronger influence on the 
relation between vitamin D and metabolic risk than negative symptom severity. In parti-
cular the metabolic side effects of certain antipsychotic drugs may be of importance. They 
contribute to metabolic risk and can have additional sedative effects that may increase the 
severity of patients’ negative symptoms.96-98 A recent animal study suggested that vitamin D 
insufficiency may exacerbate the metabolic side effects of antipsychotic medication.197 It is 
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possible that the eff ects of anti psychoti c medicati on and negati ve symptom severity on the 
associati on between vitamin D and metabolic risk have a strong overlap and might parti ally 
explain the same variance.

Our fi nding that there were no diff erences in metabolic risk between pati ents with and 
without supplementati on is comparable to multi ple randomized controlled trials that have 
found litt le or no eff ect of supplementati on on metabolic risk.42,198-200 It could be argued that 
metabolic risk might be lower in pati ents using supplementati on if vitamin D could predict 
metabolic risk. However, metabolic health is a complex construct and elevati ng vitamin D 
levels alone is clearly not enough to cause improvement. It has been suggested that vitamin 
D insuffi  ciency may not have a disease- or organ-specifi c impact, but that it is a marker of 
general morbidity.201 Furthermore, pati ents with and without vitamin D supplementati on 
did not diff er in negati ve symptom severity.

The results of this study support a model where the associati on of vitamin D and metabolic 
risk is mediated by negati ve symptom severity. However, other factors such as anti psychoti c 
medicati on and lifestyle may further aff ect the relati on between vitamin D and metabolic 
risk, and overlap with the eff ects of negati ve symptoms on this associati on. Low vitamin D 
may interact with anti psychoti c drugs and increase its metabolic side eff ects.197 Anti psycho-
ti cs might also exacerbate negati ve symptoms by its additi onal sedati ve eff ects.96-98 This may 
prohibit pati ents from being physically acti ve and making healthy lifestyle choices, thus con-
tributi ng to pati ents’ increased metabolic risk.184 At the same ti me it can limit sun exposure 
by preventi ng pati ents from acti vely going outside, thus aff ecti ng vitamin D producti on in 
the body. This implicates that the relati on between vitamin D insuffi  ciency, metabolic risk 
and negati ve symptom severity asks for a more complex model invoking the role of anti psy-
choti cs, clinical features such as apathy, and a poor lifestyle in general with a lack of outdoor 
acti viti es and exercise.

Of note, vitamin D is involved in many more aspects of mental and physical health other 
than metabolic risk and negati ve symptoms.161,162 Reaching suffi  cient vitamin D levels is the-
refore highly recommended. Pati ents in countries with higher lati tudes may not be able to 
get enough solar UVB radiati on solely from spending ti me outside, especially during win-
ter.202,203 Increasing dietary intake of vitamin D during the winter would be advised to sti -
mulate vitamin D producti on. Moreover, special att enti on is needed for those people with 
a darker skin, as our data show that African Europeans living in a high lati tude country as 
the Netherlands have a vitamin D insuffi  ciency. Although not designed as a clinical trial, our 
survey demonstrates that pati ents using supplementati on had serum 25(OH)D levels above 
the cut-off  for vitamin D insuffi  ciency in all seasons, which suggests that supplementati on 
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may indeed effectively increase vitamin D.

Limitations
With the PHAMOUS cohort we were able to examine vitamin D levels and their association 
with metabolic risk and negative symptom severity in a large sample of people with psycho-
tic disorders. Although cross-sectional, the large number of patients allowed for examinati-
on of differences in vitamin D levels, metabolic risk and negative symptom severity between 
seasons and between patients with and without using supplementation. This gave us an 
indication of the directionality of the associations between vitamin D levels, metabolic risk 
and negative symptom severity.

It was only reported for 30% of the patients which of the two methods was used to determi-
ne vitamin D levels, but our analyses suggest it is unlikely that potential differences between 
the two methods influenced our results. 

One third of the patients had missing data on the PANSS Negative subscale. Prevalence of 
the metabolic syndrome was lower in patients with missing PANSS scores (44% vs. 53%, 
p=0.001), but serum 25(OH)D were not significantly different (M=45.8 vs. M=45.7, p=0.948).

Physical activity and the amount of sun exposure are both important factors in the associa-
tion between vitamin D and metabolic risk, but both factors were not properly assessed in 
the PHAMOUS cohort.

Conclusions
This study confirms the previous finding that vitamin D insufficiency is highly prevalent in 
people with psychotic disorders. Moreover, low vitamin D levels were associated with more 
severe metabolic risk and a greater negative symptom severity. Although negative symptom 
severity was shown to mediate the relation between vitamin D and metabolic risk, the effect 
disappeared after correction for antipsychotic drug use and season of assessment. Metabo-
lic risk did not follow the fluctuation of vitamin D throughout the seasons, whereas negative 
symptoms only fluctuated minimally. Patients using supplementation had higher vitamin D 
levels, but metabolic risk or negative symptoms did not differ from patients without supple-
mentation. 
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